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From: Miller, Barbara J
To: Sperry, Clint; Howell, Tonya
Subject: Huster Substation Revised Work Plan
Date: Tuesday, December 27, 2022 8:47:51 AM
Attachments: Huster - Revised Work Plan for On-site Remediation.docx


Figure 1 - Revised On-Site ISCO Layout.pdf


Tonya and Clint
 
I have attached a revised work plan for the on-site remediation work planned to start the week of


January 9th.  This is essentially the same plan as the previous plan, except we added an area of ZVI
between MW-3 and MW-4.  Ameren feels this gives CW-4 better protection during the sodium
persulfate breakdown period, as any impacts on the site would have to move thru the ZVI barrier if it
is drawn by CW-4.
 
Please let us know that we can proceed with the planned on-site remediation as quickly as possible
as chemicals must be ordered for timely arrival and the dates firmed up with the drilling crew.
 
The City is turning on CW-4 next week and we would like to be in the field the following week to
protect their drinking water supply.
 
Thank you.
 


Barbara J Miller
Environmental Specialist
Ameren Missouri Environmental Services
Working remotely
Cell: 314-223-4655
 
This communication and any attachments may be privileged and/or confidential and protected
from disclosure, and are otherwise the exclusive property of Ameren Corporation and its
affiliates (Ameren) or the intended recipient. If you are not the intended recipient, you are
hereby notified that any dissemination, distribution or copying of this communication is
strictly prohibited. Note that any views or opinions presented in this message do not
necessarily represent those of Ameren. All e-mails are subject to Ameren policies. If you have
received this in error, please notify the sender immediately by replying to the message and
deleting the material from any computer.
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1. [bookmark: _Toc399509330][bookmark: _Toc118558674][bookmark: _Toc121227958][bookmark: _Toc122533616]Introduction


Loureiro Engineering Associates (LEA) has prepared this Pilot In Situ Chemical Oxidation (ISCO) Work Plan for remedial evaluation in the Huster Road Substation (work plan) on behalf of Ameren Missouri (Ameren).  The work plan presents a summary of the proposed remedial approach to treat residual groundwater impacts within the Huster Road Substation on Huster Road in St. Charles, Missouri (site) (Figure 1).  The primary contaminants of concern (COCs) to be treated at the site are 1,2-cis-dichloroethene (cis-1,2-DCE) and vinyl chloride.


2. [bookmark: _Toc118558675][bookmark: _Toc121227959][bookmark: _Toc122533617]Site Conceptual Model


The geology of the site consists of a silty clay/silt material 25 to 30 feet in thickness.  The lower two to three feet transitions to a primarily silt composition.  Underlying the cohesive unit is a medium grained sand material that extends from approximately 30 feet below ground surface (ft bgs) to the top of bedrock observed at approximately 110 ft bgs.  The depth to groundwater at the site varies, dependent on the Mississippi River located approximately 2 miles north, but is typically encountered at approximately 20 feet bgs.  


2.1 [bookmark: _Toc118558676][bookmark: _Toc121227960][bookmark: _Toc122533618]Site Background


Previous bench scale treatability studies performed by XDD Environmental (XDD) were used to determine the treatment effectiveness of several in situ chemical oxidation (ISCO) technologies.   Refer to the Plume Containment Pilot Study Work Plan (September 2014) and the Plume Containment Pilot Test Work Plan Addendum (December 2014) for a detailed summary of the various technologies that were evaluated to treat site soils and groundwater.


Results of the treatability studies indicated alkaline activated sodium persulfate (AAP) was an effective ISCO technology to address the COCs in both site soils and groundwater.  ISCO pilot tests were performed in 2014 (Phase 1) and 2015 (Phase II), targeting groundwater impacts north of the substation property in the vicinity of City Well W-5 and south of Highway 370.  The impacted interval was approximately 15 feet and based on vertical impacts in groundwater, measured from approximately 32 ft bgs to 45 ft bgs. The pilot tests successfully reduced COCs in the treatment area without observing any adverse impact in City Well 5.  The persulfate induces a chemical reaction upon contact with COCs, and persulfate persistence in groundwater is limited. COC concentration levels in the off-site treatment area declined within a short time frame, a matter of weeks. 


In order to supplement the success of multiple bioremediation applications on site, combined with the operation of a groundwater extraction treatment system (GETS), a larger-scale injection of AAP was chosen to aggressively target the existing COC mass on soils and groundwater within the substation, in the uppermost groundwater zone.  Several factors were considered when developing the proposed ISCO remedial approach to prevent any negative impacts to the continued operation of the GETS and city wells that may become operational before, during, or after the AAP application: 


· groundwater dilution of AAP injection solution, 


· potential increase in oxidant demand in subsurface soils and groundwater due to anaerobic conditions created by previous bioremediation applications, including the added oils as a bacterial food source, 


· expected pH changes in groundwater  over distance traveled from the injection area.


3. [bookmark: _Toc118558677][bookmark: _Toc121227961][bookmark: _Toc122533619]ISCO Objectives


The GETS was designed to contain and treat groundwater from the substation as it flows naturally to the north/northwest and as influenced by City of St. Charles (City) production wells located downgradient and upgradient of the substation.  Ameren’s primary objective of the ISCO application is to address remaining COC impacts in groundwater within the substation. (Figure 1).  The estimated remaining mass of COCs in groundwater on the 8-acre Site is approximately 4 pounds (lbs.). (The estimated COCs mass in groundwater prior to remediation efforts was approximately 400 lbs.)


4. [bookmark: _Toc118558678][bookmark: _Toc121227962][bookmark: _Toc122533620]remedial design overview


Twelve temporary injection points and one, 6” production well (to be used as an extraction well as part of the GETS post-application) will be installed prior to injection activities.  Proposed injection locations are shown on Figure 1 and are intended to focus treatment in areas with known residual COC impacts or areas directly in the projected pathway to any potential extraction well to be used as a drinking water source.  The ISCO application will consist of sodium persulfate (persulfate) and sodium hydroxide (NaOH) delivered to the site in 5,500-gallon stainless steel tankers. A mixture of persulfate, NaOH, and water will be injected simultaneously and mixed in-line to create an AAP solution concentration of approximately 75 grams per liter (g/L).  


In the area between monitoring wells MW-03 and MW-04, enhanced reductive dechlorination (ERD) will applied by the injection of a zero valent iron (ZVI) product (EHC®).  EHC® is a product that combines ZVI, controlled-release carbon, and nutrients to promote strong reducing conditions when applied in subsurface environments where biodegradation is ongoing.  Injections will be performed via direct push injection points through Geoprobe® drilling rods or similar equipment.  Granular form EHC® will be delivered to the site in 50-pound bags, batched into a slurry with potable water, and injected via a grout injection pump (or similar).  





EHC® Injection points will be spaced 10 feet on-center for optimal amendment distribution (Figure 1).  In order to obtain proper vertical distribution, several gallons of EHC® slurry will be injected every few feet, with the drilling rods advanced to each vertical interval during injections.  The EHC® injections are designed to create a permeable barrier for groundwater flowing through diffusion zone from the cohesive unit to the sand.  


4.1 [bookmark: _Toc118558679][bookmark: _Toc121227963][bookmark: _Toc122533621]Proposed ISCO & EHC® Application


The proposed AAP ISCO application is described in detail below.  


· ISCO will be used to target soil and groundwater in the target vertical interval underlying the substation.  The target treatment interval is approximately 32 to 42 ft bgs and may vary depending on the thickness of the overlying silty clay layer.


· Approximately 149,872 lbs. of sodium persulfate will be applied during injection activities. 


· Approximately 238,000 gallons, or the equivalent to one pore volume of the target treatment area / volume, will be injected during the ISCO application at a concentration of approximately 75 g/L into an estimated 12 temporary injection locations and one, 6-inch well (to be used as an extraction well as part of the GETS.  


· Each temporary injection location is expected to receive approximately 17,000 gallons of AAP solution.  The 6-inch extraction well to be used as an injection well during the ISCO application is expected to receive approximately 34,000 gallons of AAP solution.


· Temporary injection points will be installed using a direct-push drill rig using 1-inch Sch 40 PVC with a 10-foot slotted screen.  


· The 6-inch extraction well will be installed via hollow-stem auger (HSA) drill rig and will be constructed of 6-inch Sch 80 PVC with a 10-foot slotted screen.


· The anticipated radius of influence of the injected solution per temporary injection location, is approximately 15 ft. and 20 ft. at the 6-inch well.  If evenly distributed, the injection solution will cover an area of approximately 10,500 ft2.  


· Sodium persulfate will be received as a solid powder in 2,204-lb super sacks at an off-site facility and batched with potable water into a concentrated solution of approximately 317 g/L.  The concentrated batch solution will be transferred into stainless steel tanker truck and delivered to the site.  The concentrated solution will be diluted during injection with NaOH and water to achieve the target injection concentration of 75 g/L. 


· Using an approximate 2:1 molar ratio of sodium hydroxide to sodium persulfate for alkaline activation and pH maintenance in the subsurface, approximately 61,920 lbs. of sodium hydroxide will be injected with the persulfate.  The sodium hydroxide will be purchased as a 25% solution (approximately 23,234 gallons required). The use of sodium hydroxide will elevate the pH in the contact zone to level greater than 10.  


· A manifold skid will be used to inject the solution into 7-10 locations simultaneously  with an anticipated flow rate of 5-10 gpm in each location.   


· Assuming the anticipated flow rates can be sustained throughout the application, the ISCO injections are estimated to be completed in 10 days (not including time for mobilization or demobilization). 


The proposed EHC® application is described in detail below.  


· EHC® will be used to treat groundwater in the target vertical interval underlying the substation.  The target treatment interval is approximately 32 to 42 ft bgs and may vary depending on the thickness of the overlying silty clay layer.


· A total of 8,800 lb. of EHC® will be applied at the site, evenly distributed between 16 injection locations. 


· Each EHC® injection location is expected to receive approximately 550 lb. of EHC in a slurry mixture of up to 600 gallons.  The volume of slurry applied may vary between locations.


Currently, very low levels of COCs exist on the west side of the substation. However, to facilitate the effectiveness of the ISCO application, operation of City Wells 4 and 5 should be limited to create groundwater "stagnant zones" within the substation footprint to maximize persulfate residence time in the target treatment area.  Alternatively, if coordination of City Well 4 and 5 pumping rates is not feasible, operation of City Well 4 should be deferred for 30 days post ISCO application to maximize persulfate residence time in the treatment area.   


Following the installation of the temporary injection points, each temporary point will be developed/purged until groundwater quality parameters of temp, pH, conductivity, ORP, and turbidity stabilize.  Following stabilization, samples will be collected and analyzed by USEPA Method 8260.  The data collected will be used to define areas of primary need for the greatest COC mass reduction and oxidant solution volumes injected into these locations may be adjusted so as ensure sufficient  oxidant for the COCs present.  Upon completion of the injection, the temporary injection wells will be removed in accordance with state regulations.  


4.2 [bookmark: _Toc118558680][bookmark: _Toc121227964][bookmark: _Toc122533622]ISCO Application – Process Monitoring


Periodic monitoring for persulfate or elevated pH, which indicate distribution of the oxidant will be conducted at existing monitoring wells within the substation during the ISCO application.  Chemetrics test kits will be used to test the persulfate concentration and pH paper will be used for a general reading on pH.  Adjacent wells will be monitored for pH to confirm continuing persulfate reaction with COCs. This information will be used to adjust location injection volume and flow rate to better ensure contact of oxidant solution with the COCs.  


4.3 [bookmark: _Toc118558681][bookmark: _Toc121227965][bookmark: _Toc122533623]Post-ISCO Application – Performance Monitoring


Groundwater monitoring post-application is required to evaluate the overall treatment effectiveness and determine if immediate rebound is occurring.  The post-application monitoring plan will be conducted monthly for a minimum of 5 months, starting 1 month after the ISCO application is complete.  The monitoring duration may change based on the results of the post-ISCO application monitoring.  


[bookmark: _Toc122533624]Coordination with EPA Site Investigation


The United States Environmental Protection Agency (USEPA) plans on conducting direct push site investigation activities north of both the substation property and Highway 370.  The ISCO application is unlikely to impact or interfere with such activities because the on-site persulfate injection will be limited within the boundaries. The previously installed ZVI barriers remain in place and the operation of the GETS will continue.  Monitoring will ensure that any discharges from the Site comply with National Pollutant Discharge Elimination System (NPDES) permit conditions.  


[bookmark: _Toc122533625]Re-Establishment of Bioremediation


From 2014 through 2022, several in situ bioaugmentation/bioremediation applications have been performed at the substation.  Each application was designed to target the same vertical interval to be treated in the proposed ISCO application (32 feet to 42 bgs).  During each bioaugmentation/bioremediation application, groundwater was amended to create ideal subsurface conditions for chlorinated solvent-degrading bacteria, dehalococcoides (DHC), to degrade site COCs into innocuous end products, ethene and ethane.  The bioremediation system worked effectively to control COCs migration from the site. 





The proposed ISCO application will significantly impact the conditions for effective bioremediation to continue at the site, including the DHC population that has been built up over the past 8 years.  After post-ISCO injection performance monitoring is complete, and the effectiveness of the application has been determined, additional bioaugmentation/bioremediation injections will be performed at the site to re-establish the DHC population and bioaugmentation treatment zone in the subsurface.  The scale and scope of those injections will be provided at a later date, in a separate document. 


[bookmark: _Toc118558682][bookmark: _Toc122533626]Pilot Test Schedule 


The schedule and estimated task duration is presented below.  LEA can be prepared to start the mobilization portion of the ISCO pilot test the week of January 23, 2023.  





			Task


			Date (duration)





			AAP ISCO Pilot Test Application





			Preparations and Procurement


			December 2022





			Temporary Injection Well Installation and Baseline Sampling


			January 2023





			On-Site Mobilization (3 days)


			January 23 - 25, 2023





			Chemical Delivery 


			January 24 - 25, 2023





			ISCO Application 


			January 26 through February 17, 2023





			Site Demobilization


			February 20 and February 21, 2022





			     Post-ISCO Application Performance Monitoring


			March/April 2023 through July 2023


(Minimum 5 months)





			     Re-establish Bioremediation


			June/July 2023
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